Abstract: Parental socio-economic condition, childhood infection, weaning practices, and childhood intake of food adequate in protein are known to influence the evolution of protein energy malnutrition (PEM) but this is only scantily documented for our setting. To evaluate the impact of these factors on the development of PEM and its neurological sequel in our setting, sixty-seven malnourished children attending our nutritional rehabilitation centre were analyzed for demographics, weaning age, weaning diets, weights and weight-for-age deficits, parental socio-economic conditions, literacy levels and annual per capita income. They were categorized using modified Welcome classification into four classes of PEM. Predominant neurological manifestations included delayed walking skill, hyperreflexia, spinal ataxia and nutritional neuropathies. Their parents were graded into five socio-economic classes according to the Registrar-General's occupational classification. A survey of food items produced by the parents and the proportion utilized for childhood consumption was carried out. The 67 children, 42 females and 25 males aged 3 months to five years, were categorized as marasmus (18%), marasmic kwashiorkor (16%), kwashiorkor (15%), and underweight (51%). Female children out-numbered males in all age groups and were more often severely affected than males. Children suffering from marasmus (mean age =15.4 months) were significantly younger (p< 0.05) than cases of kwashiorkor (18.1 months) and marasmic kwashiorkor (23.2 months) and those who were underweight (18 months). The commonest predisposing infection was recurrent diarrhoea (24, 35.8%), followed by intestinal parasitic infestation (10, 14.9%) and measles (8, 11.9%). The Registrar-General's occupational grouping placed most (91.6%) of the fathers and all mothers in the low socio-economic classes. Only meager proportions of parents produced protein rich farm products and utilized them child care. Poor parental socio-economic condition, infections, faulty weaning practices and low intake of protein-rich diet are vital to the development of PEM in our setting.
Introduction
The most common form of malnutrition in Africa i s protein energy deficiency affecting over 100 million people; especially 30-50 million children under 5 years of age (Maletnlema, 1992) and almost additional 200
In a retrospective semi-rural-community-based study of million are at risk (Maletnlema, 1992) . Up till now, children with PEM at Ile-Ife and Ilorin, Nigeria, w e protein energy malnutrition (PEM), a known sequel of analyzed the demographics, weaning age, weaning food insufficiency and poor socio-economic conditions diets, weights and weight-for-age deficits, family size as (Dulger et al., 2002) continues to be a major public well as parental socio-economic conditions, literacy health problem and a source of major concern i n levels and annual per capita income. Employing the developing third world countries including Nigeria.
modified Welcome classification of PEM, based o n Various authors have identified the impact of a number weight-for-age (WA) deficits and presence or absence of of risk factors underlying PEM. Involvement of the oedema, the children were categorized into the four nervous system by PEM is thought to result from not only clinical syndromes of PEM including kwashiorkor, deficiencies of protein and energy alone but from marasmic-Kwashiorkor, marasmus and underweight. simultaneous deficiency of micronutrient related to Their parents were categorized into social classes brain growth and development. The aim of this study is according to the Registrar-General's occupation to evaluate the pattern of PEM and associated classification devised by T.H.C Stevenson, the Chief neurological manifestations seen in our setting, and the Medical Officer of the General Registrar's office. Adopting impact of parental socio-economic conditions, childhood the r ecommended guidelines for balanced diet for inter-current infections, weaning practices as well as children in Africa we determined the availability o f parental production and childhood consumption o f common local foods known to supply adequate nutrition certain essential food items on the pathogenesis o f PEM.
Materials and Methods
for healthy living (Food Basket Foundation International, being force-fed using the right palm with finger closure 1997). In order to determine food consumption pattern of both nostrils; a detested practice peculiar to Nigerian and the frequency of intake of identified foods (Food mothers. Basket Foundation International, 1997) by the children, Thirty four percent of the fathers were farmers married to pre-tested food frequency questionnaires were petty traders, constituting the largest occupational match administered by trained personnel to respondents who between parents. Other fathers included drivers (12%), were either mothers or care givers of the children carpenters (10%), bricklayers (7%), schoolteachers participating in the study.
(1.7%) and government clerical workers (1.7%). The inter-current infections suffered by the children Miscellaneous father's occupational groups included within three months prior to onset of PEM were extracted tailors, electrical repairers, automobile mechanics, night from the case files and by interview technique. Data watchmen and the clergy. This distribution o f generated were analyzed using standard statistical occupations placed most of the fathers in the methods and p-value less than 0.05 was taken a s Registrar-General's low social classes III (52.8%) and IV significant.
(38.8%) respectively. Aside from petty traders, some
Results
The 67 children consisted of 42 (62.7%) females and 25 (37.3%) males (sex ratio 1.7:1) aged 3 months to 5 years. PEM was most frequent between 12 and 2 4 months of life. Approximately half (34, 51%) of the children were categorized as underweight, while others were marasmus (12, 18%) marasmic-kwashiorkor (11, 16%) and kwashiorkor (10, 15%). Their mean weight-for-age deficits were 75.7, 53.4, 60.9 and 70.3% respectively. Marasmic children were generally younger (mean age = 15.4 months) than children with Kwashiorkor (mean = 18.1 months), underweight (mean = 18 months) and marasmic-kwashiorkor (mean = 23.2 months). Clinical features of malnutrition were not significantly different from established norms but the predominant neurological findings included apathy, families studied. Less than 5% of the parents produced irritability, delayed walking skill, muscle atrophy (decreased muscle bulk), hypotonia, hyperreflexia, spinal ataxia and nutritional neuropathies, occurring in combinations which varied according to PEM syndromes. Table 1 shows the inter-current infections suffered within three months prior to the onset of PEM. The commonest infection was recurrent diarrhoea (24, 35.8%), followed by intestinal parasitic infestation (10, 14.9%) and measles (8, 11.9%). Five of the children (7.5%) suffered from multiple infections including respiratory tract infection, malaria and gastroenteritis within this period. The weaning age varied from 4 months to 2 years with an average of 13.5 months. There was significant difference between lengths of breast-feeding i n underweight children and the length in children with overt malnutrition (i.e. marasmus, marasmickwashiorkor and kwashiorkor) (P<0.05). Approximately, 60% of the children with overt malnutrition were breast-fed for less than 12 months while more than half of children who were underweight had exclusive breast-feeding for more than one year. More than 80% of the children were weaned on a thin gruel made from maize ( corn pap or "ogi"), sorghum, or millet, the traditional weaning foods in Nigeria. Often, no milk, groundnut paste, sugar, legumes, oil seed, melon, beans or soybean were added and with the children women sowed cloths and others were permanent housewives, with all belonging to the low social classes IV (30%) and V (70%) respectively. Over 70 percent of the men and women were illiterates; 22% had primary and post primary (secondary) education, while less than 10% had post-secondary education. The average annual per capita income was N60.000.00 (USD 420) for men and N32.000.00 (USD250) for women. An average of 80% of this income was spent on food. To meet other expenditures such as clothing, medical aid, children school fees and house construction and repairs, loans were taken from cooperative units or community banks at high rates of interest. Table 3 shows the production rate of common local food items, recognized as protein rich sources and the consumption-frequency of such items by children in the or h ad milk and milk products readily available for consumption of their children and very few (22%) agreed to having meat and poultry available but only half of these parents utilize the items exclusively for child consumption. Legumes, oil seeds, cereals and grains and starchy foods are more readily available just as beans, groundnut, oil palm, maize, guinea-corn, cassava and coco-yam, but only 50-60% of these are reserved for family consumption while the rest are old or exported for monetary gains (Table 3 ). The families interviewed used less than 20% of fruits and vegetables produced for consumption. Mortality rate was higher (31%) in children with marasmus than those with Kwashiorkor (26%) and marasmic kwashiorkor (23%).
Discussion
The results of this study confirm those of many previous studies, which indicated a strong influence o f socio-economic status, infectious diseases and food intake on malnutrition among children in developing countries (Devi Yasoda and Geervani, 1994) . A s revealed in this study children aged 0 to 3 years are nutritionally the most vulnerable, the vulnerability reaching a peak at between 12 and 36 months of life confirming previous reports. The study has also shown that the sex ratio in PEM and the relative frequency of its -18  1  0  0  12  13  >18  0  0  0  1  1  TOTAL  10  11  12  34  67 K=Kwashiorkor, MK=Marasmic-Kwashiorkor, M=Marasmus, UW=Underweight various syndromes vary with different communities. The Papua New Guinea (Heywood, 1982) as well as Africa female: male ratio in this report was higher than those (Briend and Bari, 1989) representing diverse ecological, of Ogbeide et al., 1971 (1.2: 1) in Ibadan, Southwest disease, and cultural environments (Pelletier, 1995) . Nigeria and Meremikwu's series (Meremikwu et al., Furthermore, contrary to the widely held view that the 1992) (1.5.1) in Calabar, Southeast Nigeria. The reason effects of malnutrition on mortality are confined to the for a consistent gender preference of PEM in favour of severely malnourished, this study, in agreement with the female sex is not clearly understood. The role of the others (Pelletier, 1995) , has shown that mortality endocrine system and differences in hormonal milieu amongst the mildly malnourished is higher than what cannot be entirely ruled out. Even when overt obtains among healthy children of the same age group. protein-energy malnutrition alone (i.e. marasmus, Pelletier, 1995 has opined that the association between marasmic-kwashiorkor and kwashiorkor) is considered, malnutrition and mortality does not appear to be due children with marasmus (18%) were second t o simply to the confounding effects of socio-economic underweight children, but Kwashiorkor was the factors and inter-current illness or infection. The results commonest syndrome in the other two series (Ogbeide, of this study suggest that inter-current infections exert a 1971 and Meremikwu, 1992) . In this series, the mean significant impact on the pathogenesis of PEM in the weight for age deficits was least in children suffering study population, thus corroborating the vicious cycle from Marasmus as expected. This predisposed them to view of malnutrition and infection held by many authors. a higher mortality rate (31%) than children with Diarrhoea and measles exerted the greatest burden on kwashiorkor (26%) and marasmic kwashiorkor (23%), the development of PEM in our setting. Children with confirming previous reports (Meremikwu, 1992) in which PEM loose their resistance to infections because of a mortality rates were 60%, 10.4% and 20.8% in children disordered immune system leading to increased with marasmus, kwashiorkor and marasmicinflammatory response due to increase i n kwashiorkor respectively. pro-inflammatory cytokines especially interleukine-6 It has earlier been suggested that the inverse (Dulger et al., 2002) . There is growing evidence that the relationship between anthropometrical indicators o f physiological synergism between malnutrition and malnutrition and mortality is region or population specific infection, which has been recognized for sometime, (Pelletier, 1995) . Currently, however, it has been shown have multiplicative and not just additive effects on child that this risk is constant across diverse world mortality at population level (Pelletier, 1995) . populations including India (Kielmann and McCord, The development of PEM is fundamentally related to 1978), Bangladesh (Sommer and Leowenstein, 1975) , insufficient nutrition (Dulger et al., 2002) no matter what the secondary factors are. In this report parental poverty, child feeding either because of parental poverty o r ignorance and lack of education singly or in combination ignorance of the nutritive value of the items. A greater affected the nutritional status of the children. Most of the percentage of these items are sold to meet other family food items rich in protein and vitamins were not readily needs. The analysis of food frequency questionnaire available and when available they were under-utilized for indicated that cereals constitute a group of foods most commonly consumed by the children, while maize meal of ten children born die due to either malnutrition or a was eaten in a variety of forms such as corn-pap "ogi' combination of malnutrition and infections, and a further and corn-pap 'eko', both of which are major sources of 3 suffer permanent disability. This leaves only four out of carbohydrate. The most common weaning diet is corn ten children to growth to full physical and intellectual pap, which is grossly deficient in protein and status. This trend should not be allowed to thrive any kwashiorkor and marasmic-kwashiorkor are common in further and preventive strategies require urgent children weaned on this diet. Because of this, efforts implementation. It is time to provide health facilities and have been geared towards improving the nutritive quality establish child survival projects and policies for of corn pap by the addition of cowpea and groundnut preventive interventions. milk (Ojofeitimi et al., 2001) .
Issues that need to be addressed should include The impact of PEM and predisposing factors on the unsatisfactory food intake and specific micronutrient central and peripheral nervous systems have been long deficiencies, acute and chronic infections, weaning recognized. Early life PEM leads to decreased brain practices, parental socio-economic status, and poor growth (cell number and size), nerve myelination, agricultural practices. Others include lack of knowledge neurotransmitter production and decreased velocity of concerning nutritive value of common local foods even nervous conduction. These and other factors may be when they are available, over-emphasis on cash crops, responsible for neurological changes including delayed and lack of food and nutrition policies and management milestones of development in the children studied.
systems. Delayed walking skill has been reported by Ojofeitimi et al., 1984 while Odabas et al., 2005 reported auditory brain stem potential abnormalities thought to be due to defects in myelination of auditory brain stem pathways in children with moderate to severe PEM. Muscle weakness, hypotonia and hyperreflexia recorded in our patients are evidences of peripheral nerve and muscle derangements (Chopra and Sharma, 1992 ) accompanying PEM. Motor and sensory nerve conduction studies exhibit significant abnormalities, which often correlate with the severity of PEM (Chopra and Sharma, 1992) . The impact of PEM on the CNS is not determined by the deficiency of protein and energy alone. Simultaneous deficiencies of micronutrient such as iron, iodine, Vitamin A, Vitamin B complex, folic acid, zinc and docosahexacnoic acid have a large role to play. Vitamin A, iron and iodine are among the most important of all the nutrients needed for developing normal learning and cognitive functions, immunity, work capacity and reproductive health (Kapil and Bhavna, 2002) . The body cannot synthesize them, so they must be made available through the diet. Their deficiencies are known to have devastating effects on mental health with zinc deficiency causing impaired learning, reduced attention and poor memory (Wasantwisut, 1997) . Maturation of the nervous system and consequent behaviour depends in part on pre-natal nutritional factors and postnatal environmental stimulation. In particular, the hypothalamus and the hippocampus are two important central nervous system areas that are vulnerable to such pre and postnatal manipulation (Kehoe et al., 2001) . The incidence of PEM and its total impact on child growth and development in Nigeria and in many other African nations are not known. More than half of children in India are unable to grow to their full physical and mental potential owning to malnutrition (Devi and Geervani, 1994) . In Nigeria a similar trend observed by Morley since 1974 appears to be unabated yet. Three out Conclusion: Poor parental socio-economic condition, infections, faulty weaning practices and low intake of protein-rich diet are vital to the development of PEM in our setting.
